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WKHOLPLWVRIWKHRUHWLFDOVROXWLRQVDQGWKHYDULDELOLW\RIFRQVWUXFWLRQFRQGLWLRQV7KHPDJQLWXGHRIWKHGLVFUHSDQF\LV
GLIIHUHQW LQ HDFK VLWH 7R FRPSOHPHQW WKH GLVFUHSDQF\ EHWZHHQ WKH DFWXDO VHWWOHPHQW DQG WKH SUHGLFWHG RQH
VHWWOHPHQWSUHGLFWLRQPHWKRGVXVLQJPHDVXUHGGDWDKDYHEHHQXVHGH[WHQVLYHO\LQSUDFWLFH7KHK\SHUEROLFPHWKRG
+RVKLQRPHWKRG0RQGHQPHWKRGDQGWKH$VDRNDPHWKRGDUHZLGHO\XVHGLQWKHILHOGDQGWKHUHKDVEHHQDORWRI
UHVHDUFKFRQGXFWHGRQWKHP7DQHWDO&KXQJHWDO(GLOHWDO
7KHZHDNSRLQW RI WKHVHPHWKRGV LV WKDW WKH\SUHGLFW WKH ILQDO VHWWOHPHQWRQO\EDVHGRQ VHWWOHPHQWGDWD WKDWZDV
UHFRUGHGDIWHUFRPSOHWLQJDFHUWDLQVWDJHILOORQWKHVRIWJURXQG)RUWKHFRQVWUXFWLRQRIWKHHPEDQNPHQWRQWKHVRIW
JURXQGPRVWFDVHVZRXOGSODQWKHVWDJHGILOODQGORDGWKHJURXQGJUDGXDOO\WRVHFXUHWKHVDIHW\RIWKHHPEDQNPHQW
GXH WR WKH ORZ VWUHQJWK RI WKH VRIW JURXQG 7KXV IRU DQ HIIHFWLYH FRQVWUXFWLRQ PDQDJHPHQW RI WKH VRIW JURXQG
LPSURYHPHQWXVLQJWKHILOODQGSUHIDEULFDWHGYHUWLFDOGUDLQWKHUHQHHGVWREHDZD\WRSUHGLFWWKHVHWWOHPHQWEDVHG
RQGDWDPHDVXUHGDWWKHHDUOLHUILOOLQJVWDJHUDWKHUWKDQWKHILQDOVWDJH,IWKHVHWWOHPHQWFDQEHDFFXUDWHO\SUHGLFWHG
DFFRUGLQJ WR WKH VWDJH RI ILOO D UHDVRQDEOH FRQVWUXFWLRQPDQDJHPHQW FDQEHSRVVLEOHE\ HIIHFWLYHO\ DGMXVWLQJ WKH
ILOOLQJSHULRGDQGWKHKHLJKW
,Q WKLV VWXG\ WKH 6HWWOHPHQW 3UHGLFWLRQ IRU 6WDJHG )LOO &RQVWUXFWLRQ0HWKRG 636)& LV SURSRVHG 7KH 636)&
RYHUFRPHV WKHZHDNSRLQWRI WKHH[LVWLQJVHWWOHPHQWSUHGLFWLRQPHWKRGVDQG LWFDQSUHGLFW WKHILQDOVHWWOHPHQWDV
ZHOODVWKHVHWWOHPHQWGXULQJWKHVWDJHGILOOE\XVLQJWKHVHWWOHPHQWGDWDPHDVXUHGDWDFHUWDLQVWDJHGILOO7RYDOLGDWH
WKHSURSRVHGPHWKRGWKHVHWWOHPHQWGDWDPHDVXUHGIURPDILHOGLPSURYHGZLWKDSUHIDEULFDWHGYHUWLFDOGUDLQLQWKH
PRXWKRI WKH1DNGRQJGHOWD LVXVHG7KHEDFN DQDO\VLV LV FRQGXFWHG WR HVWLPDWH WKH VRLO SDUDPHWHUVXVLQJ  GDWD
PHDVXUHGLQWKHILHOGEDVHGRQWKH636)&PHWKRG7KHHVWLPDWHGVRLOSDUDPHWHUVDUHXVHGWRSUHGLFWWKHVHWWOHPHQW
FXUYHDFFRUGLQJ WR WKHVWDJHRI ILOO6HWWOHPHQWFXUYHVDUHDQDO\]HGXVLQJ WKHSURSRVHGPHWKRGDQGDUHFRPSDUHG
ZLWKWKRVHREWDLQHGIURPPRQLWRULQJWKHILHOG
636)&0HWKRG
2.1 General Equations  
,WLVZHOONQRZQWKDWLQDWLPHVHWWOHPHQWUHODWLRQVKLSWKHFRQVROLGDWLRQHIIHFWVKRXOGDFFRXQWIRUWKHKRUL]RQWDODQG
YHUWLFDOGUDLQDJH1HYHUWKHOHVVWKHFRPELQHGHIIHFWVRIFRQVROLGDWLRQDUHVWURQJO\GHSHQGHQWRQWKHFOD\GUDLQDJH
GHSWKDQGWKHGUDLQVSDFLQJUDWLR,IWKHVRIWJURXQGOD\HULVWKLFNHUDQGWKHGUDLQVSDFLQJLVFORVHUWKHFRQVROLGDWLRQ
LQSURJUHVVLVGRPLQDQWO\LQIOXHQFHGE\WKHKRUL]RQWDOGUDLQUDWKHUWKDQYHUWLFDORQH/HH	&KXQJ7KDWLV
ZK\WKH636)&PHWKRGSURSRVHGLQWKLVVWXG\LVSULPDULO\EDVHGRQWKHKRUL]RQWDOFRQVROLGDWLRQVROXWLRQE\%DUURQ 
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ZKHUH&K UHIHUV WR WKHKRUL]RQWDOFRQVROLGDWLRQFRHIILFLHQW W LV WLPH+G LVEDFNZDWHUGLVWDQFH&F LVFRPSUHVVLRQ
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VWUHVVILOOLQJ
(TXDWLRQFDQEHUHSUHVHQWHGE\VXEVWLWXWLQJHTXDWLRQVDQG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2.2 Feature 
 
7KH 636)& PHWKRG KDV WKH DGYDQWDJH RI EHLQJ DEOH WR UHIOHFW WKH VLWH FKDUDFWHULVWLFV E\ LQFRUSRUDWLQJ WKH
LQIRUPDWLRQ REWDLQHG IURP WKH ODERUDWRU\ LQVLWX WHVW UHVXOWV DQG WKH GUDLQ LQVWDOODWLRQ VWDWXV ZKLFK LV QRW
FRQVLGHUHGLQWKHLQWHUSUHWDWLRQRIWKHVHWWOHPHQWLQWKHH[LVWLQJPHWKRGV
& DQG & VKRZQ LQ HTXDWLRQ  DUH FRQVWDQWV ZKLFK DUH FDOFXODWHG XVLQJ LQVLWX H[SHULPHQWDO GDWD & LV
FDOFXODWHGEDVHGRQWKHYRLGUDWLRHWKHWKLFNQHVVRIWKHVRIWJURXQG+DQGWKHILOOLQJORDGǻ3&LVHVWLPDWHG
EDVHG RQ WKH GUDLQ VSDFLQJ UDWLR GUDLQ LQVWDOODWLRQ HTXLSPHQW GUDLQ LQVWDOODWLRQ GHSWK DQG WKH FRQVROLGDWLRQ
FRHIILFLHQWRIWKHJURXQG&F&KDQG)DUHWKHYDOXHVHVWLPDWHGE\FRQGXFWLQJDEDFNDQDO\VLVWHFKQLTXHWKURXJKWKH
636)& PHWKRG RQ WKH PRQLWRUHG VHWWOHPHQW GDWD 7KH LQLWLDO YDOXHV RI WKHVH DUH HVWLPDWHG EDVHG RQ WKH VRLO
SDUDPHWHUVREWDLQHGWKURXJKWKHODERUDWRU\DQGLQVLWXWHVWV
:KLOHWKHH[LVWLQJSUHGLFWLRQPHWKRGVFDQRQO\SUHGLFWWKHILQDOVHWWOHPHQWWKHHVWLPDWHG&FDQG&KYDOXHVXVLQJ
WKHPRQLWRUHG GDWD DIWHU D FHUWDLQ ILOOLQJ VWDJH XVXDOO\ ILQDO ILOOLQJ WKH\ FDQQRW UHSURGXFH WKH VHWWOHPHQW FXUYH
GXULQJWKHVWDJHRIILOOLQJ7KHVHWWOHPHQWFXUYHDFFRUGLQJWRILOOLQJVWDJHLVDEOHWREHSUHGLFWHGWKURXJKWKH636)&
PHWKRGE\XVLQJWKHHVWLPDWHGYDOXHVRI&F&KDQG)7KLVIHDWXUHLVYHU\LPSRUWDQW7KH636)&PHWKRGHQDEOHV
WKHSUHGLFWLRQRIQRWRQO\WKHILQDOVHWWOHPHQWFXUYHEXWDOVRWKHVHWWOHPHQWDFFRUGLQJWRWKHILOOLQJVWDJH


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HVWLPDWHGIURPFRQGXFWLQJDEDFNDQDO\VLVWKURXJKWKH636)&PHWKRGRQWKHPRQLWRUHGVHWWOHPHQWGDWD)LJXUH
VKRZVWKHVHWWOHPHQWFXUYHVIRUWKH3DUHDDWHDFKILOOLQJVWDJH7KHVWDJHVRIABDQGCDUHWKHILUVWWKHVHFRQG
DQGWKHWKLUGVWDJHRIHPEDQNPHQWUHVSHFWLYHO\)LUVWILJXUHLVWKHVHWWOHPHQWFXUYHSUHGLFWHGE\WKHVHWWOHPHQWGDWD
PRQLWRUHGDWWKHAILOOLQJVWDJH7KDWLVWKHAVWDJHLVVHOHFWHGDVWKHUHIHUHQFHVWDJH6HFRQGDQGWKLUGILJXUHVDUH
WKHVHWWOHPHQWFXUYHVSUHGLFWHGE\WKHVHWWOHPHQWGDWDPRQLWRUHGDWWKHBDQGWKHCVWDJHVUHVSHFWLYHO\
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8SRQH[DPLQLQJ)LJXUHWKHSUHGLFWHGVHWWOHPHQWFXUYHVDUHZHOOPDWFKHGZLWKWKHPRQLWRUHGGDWDIRUDOOVWDJHV,WLV
GXHWRWKDWLQWKH3DUHDWKDWWKHVHWWOHPHQWEHKDYLRXUIRUHDFKILOOLQJVWDJHWHQGVWRUHPDLQQHDUO\FRQVWDQW

)LJXUH7LPHVHWWOHPHQWFXUYHSUHGLFWHGE\636)&PHWKRG3DUHD
)LJXUHVKRZVWKHVHWWOHPHQWFXUYHVIRUWKH3DUHDDWHDFKILOOLQJVWDJH/LNH)LJXUHWKHVWDJHVRIABDQGC
DUHWKHILUVWWKHVHFRQGDQGWKHWKLUGVWDJHVRIHPEDQNPHQWUHVSHFWLYHO\)LUVWILJXUHVKRZVWKHVHWWOHPHQWFXUYH
SUHGLFWHG E\ WKH VHWWOHPHQW GDWD WKDWZDVPRQLWRUHG DW WKH A VWDJH RI ILOOLQJZLWK DFWXDO GDWD 6HFRQG DQG WKLUG
ILJXUHVDUHWKHVHWWOHPHQWFXUYHVSUHGLFWHGE\WKHVHWWOHPHQWGDWDPRQLWRUHGDWWKHBDQGWKHCVWDJHVUHVSHFWLYHO\
8SRQH[DPLQLQJ VHFRQGDQG WKLUG ILJXUHV WKHSUHGLFWHG VHWWOHPHQW FXUYHV DUHZHOOPDWFKHGZLWK WKH DFWXDOGDWD
EHFDXVHWKHVHWWOHPHQWEHKDYLRXUIRUILOOLQJVWDJHBLVQHDUO\WKHVDPHDVWKDWRIWKHILOOLQJVWDJHC+RZHYHULQ
YLHZLQJILUVWILJXUHZKLFKLVWKHSUHGLFWHGVHWWOHPHQWFXUYHEDVHGRQWKHVHWWOHPHQWGDWDGXULQJWKHILUVWAVWDJHRI
ILOOLQJWKHVHWWOHPHQWFXUYHVEHWZHHQDFWXDODQGSUHGLFWHGDUHQRWZHOOPDWFKHGWRHDFKRWKHU7KLVLVFDXVHGE\WKH
GLIIHUHQFHLQWKHVHWWOHPHQWEHKDYLRXUGXULQJVWDJHAIURPWKDWRIVWDJH%DQG&,QDGGLWLRQWKHPRQLWRULQJWLPH
GXULQJVWDJHALVWRRVKRUWRIDSHULRGZKLFKPHDQVWKHPRQLWRUHGVHWWOHPHQWGDWDLVQRWHQRXJKIRUDQDO\VLV
&RQFOXVLRQ
7KLV VWXG\ SURSRVHG D QHZ PHWKRG FDOOHG WKH 636)& 6HWWOHPHQW 3UHGLFWLRQ IRU 6WDJHG )LOOLQJ &RQVWUXFWLRQ
PHWKRGZKLFKLVDEOHWRSUHGLFWERWKWKHILQDOVHWWOHPHQWDQGWKHVHWWOHPHQWGXULQJWKHVWDJHGILOOLQJVWHSVIURPDQ\
ILOOLQJ VWDJH 7R YHULI\ WKH 636)&PHWKRG WKH VHWWOHPHQW GDWD REWDLQHG DW WKH ILHOG ORFDWHG DW WKHPRXWK RI WKH
1DNGRQJ5LYHUZDVXVHG


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
)LJXUH7LPHVHWWOHPHQWFXUYHSUHGLFWHGE\636)&PHWKRG3DUHD
)URPWKHFRPSDULVRQUHVXOWVRIERWKWKHSUHGLFWHGDQGWKHDFWXDOVHWWOHPHQWGDWDLWFDQEHFRQFOXGHGWKDWWKH636)&
PHWKRGFDQVXFFHVVIXOO\SUHGLFW WKH VHWWOHPHQWFXUYHDWDQ\ ILOOLQJVWDJHEXWRQO\ LI WKH VHWWOHPHQWEHKDYLRXU IRU
HDFK ILOOLQJ VWDJH WHQGV WR UHPDLQ IDLUO\ FRQVWDQW DQG WKHPRQLWRULQJ WLPH GXULQJ HDFK ILOOLQJ VWDJH LV HQRXJK WR
REWDLQVXIILFLHQWVHWWOHPHQWGDWDIRUDQDO\VLV


5HIHUHQFHV
 $UXOUDMDK$1LNUD]+%R0:)DFWRUVDIIHFWLQJILHOGLQVWUXPHQWDWLRQDVVHVVPHQWRIPDULQHFOD\WUHDWHGZLWKSUHIDEULFDWHG
YHUWLFDOGUDLQV*HRWH[W*HRPHPEUV
 %R0:&KX-/RZ%.&KRD96RLOLPSURYHPHQWSUHIDEULFDWHGYHUWLFDOGUDLQWHFKQLTXHV7KRPVRQ/HDUQLQJ$VLD
6LQJDSRUHS
 &KXQJ6*(QJLQHHULQJSURSHUWLHVDQGFRQVROLGDWLRQFKDUDFWHULVWLFVRI.LPKDHHVWXDULQHFOD\H\VRLO3URFWK$5&RQ60*(
6SHFLDO3XEOLFDWLRQRQ7KLFN'HOWDLF'HSRVLWV$7&:RUNVKRS6HRXO
 &KXQJ6*.ZHRQ+--DQJ:<2EVHUYDWLRQDOPHWKRGIRUILHOGSHUIRUPDQFHRISUHIDEULFDWHGYHUWLFDOGUDLQ*HRWH[WLOHVDQG
*HRPHPEUDQH
 /HH1.&KXQJ6*5HHYDOXDWLRQRIWKHIDFWRUVLQIOXHQFLQJWKHFRQVROLGDWLRQRIJURXQGE\LQFRUSRUDWLQJSUHIDEULFDWHGYHUWLFDO
GUDLQV.6&(-&LY(QJ
 7DQ76,QRXH7/HH6/+\SHUEROLFPHWKRGIRUFRQVROLGDWLRQDQDO\VLV-RXUQDORI*HRWHFKQLFDO(QJLQHHULQJ$6&(

